In some south Europe regions with Mediterranean climate, orchards have to be regarded as sparse crops, even though they are considered as intensive agriculture from an economic point of view. Previous studies showed some discrepancies between crop coefficients tabled in FAO Irrigation and Drainage Paper 56 and the observed values for such orchards. There was a need for an intensive study regarding these differences. The evapotranspiration (ET) of a peach orchard (5x2 m plant spacing and crop ground cover of 29%) was studied in central Portugal, during two irrigation seasons. ET was directly measured with the eddy covariance technique. Simultaneously, sap flow (heat dissipation, Granier method) and soil evaporation (microlysimeters) were measured. When scaled up to the stand level, the sap flow data were strongly correlated with the ET data (after deduction for soil evaporation) but showed an underestimation of transpiration. A regression was used to estimate ET from the sap flow data. This approach allowed the use of the continuous records of sap flow to estimate ET for the whole season, at low cost and with good reliability. Mean evapotranspiration was about 2 mm/day, mean measured soil evaporation was around 10% of ET and mean measured crop coefficient was close to 0.5, for the considered periods. Mean measured crop coefficients were lower than crop coefficients estimated with the FAO Paper 56 approach, which yielded ET mean estimates over 35% higher than the measured ET. At the farm level, irrigation efficiency was found to be lower than expected for a drip irrigation system (50 to 70%).
INTRODUCTION
Climates with strong Mediterranean influences have dry and hot summers, corresponding to a high demand of water in irrigated areas. These conditions are sometimes combined with discontinuous vegetated surfaces with wide row spacing, leaving substantial areas of exposed soil, as in some orchards or vineyards. Previous studies with peach orchards under such conditions (Ferreira et al., 1997b; Snyder et al., 2000) have shown that crop coefficients tabulated in FAO Irrigation and Drainage Paper 56 (Allen et al., 1998) are higher then the ones measured locally. Hence there was a need to address this problem via field measurement of evapotranspiration. The measurement of evapotranspiration in woody crops presents more difficulties than in short and homogeneous crops and fewer methods are available. Methods for measuring sap flow have been widely used to evaluate individual tree or stand transpiration (see, for example, Valancogne, 1995; Ferreira, 1996; Braun and Schmid, 1999 , for orchard and vineyard applications). Among sap flow methods, one of the easiest systems to handle is the heat dissipation method developed by Granier (Granier, 1985 (Granier, , 1987a (Granier, , 1987b , which uses a constant heating, and is relatively simple and low in cost. The Granier system has the capacity to gather information continuously over long time periods, in an automated way. The eddy covariance method can be used to measure ET in tree crops with accuracy, as long as rigorous measurement conditions and data validation procedures are observed (Baldocchi et al., 1988; Berbigier et al., 1996; Snyder et al., 2000) . Giving these 506 constraints, this technique is mostly suited to scientific work, but less usable at the farm level or by agriculture extension or planning services. The kind of sensors used, given their vulnerability and maintenance requirement, also makes it difficult to gather continuous information.
The present work is an attempt to join together the most useful characteristics of both methods. Eddy covariance was used to calibrate the data obtained by Granier sap flow and soil evaporation, and the Granier data were used with the calibration factor to estimate the long term evapotranspiration of peach trees. More accurate estimation of orchard evapotranspiration should lead to a more rational use of water.
MATERIALS AND METHODS
The experimental work took place in a peach orchard (Prunus persica [L.] Batsch., cultivar Silver King) of about 60 ha near Montijo (latitude 38º 42' N, longitude 8º 48' W, elevation near 0), Portugal. The region has a temperate climate with cool, wet winters and hot, dry summers. Average annual rainfall is around 600 mm and mean air temperature is around 16º C. The soil was sandy (an Arenosol, according to FAO classification), with a field capacity of 302 mm for the upper 2 m.
The trees were planted in 1996, at 5 x 2 m spacing in a sandy soil, and were drip irrigated (2000 emitters/ha with a flow rate of water of about 3.5 l/hour/emitter). Tallest branches reached 3 to 3.5 m. Ground cover, based on shadowed areas near solar noon, was 29%. The leaf area index was around 1.2 and 1.4, in 1998 and 1999, respectively . The orientation of rows was 13º NNE and dominating winds in the region blow between north and west directions. Eddy covariance data were collected between day of the year (DOY) 172 (21 st June) and DOY 247 (4 th September) in 1998 and between DOY 190 (9 th July) and DOY 223 (11 th August) for 1999. The sensors used were a 1-D sonic anemometer with a fine wire thermocouple and a krypton hygrometer (respectively, models CA27, 127 and KH20 from, Campbell Scientific, Inc. Logan, UT, EUA). Eddy covariance data were selected according to fetch and footprint analysis and validated through spectral analysis and energy balance equation closure. Corrections for air density variation (according to Webb et al., 1980) and for UV radiation absorption by oxygen (according to Tanner et al., 1993) were performed. Sap flow was measured by the Granier method from June to September. Six sensors were used each year in the irrigated plot, with 1 cm (1998) or 2 cm length (1999). Data were corrected for the influence of temperature natural gradients in the trunk and according to the radial profile of sap flux distribution. Meteorological instruments were installed to measure wind speed and direction, temperature and humidity. Reference and crop evapotranspiration (ET o and ET c ) were computed according to Allen et al. (1998) , using a dual crop coefficient approach for ET c . Soil evaporation (E s ) was measured using nine cylindrical microlysimeters, with 15 cm of internal diameter and 12 cm height, built and used as described in Daamen et al. (1993) . Five lysimeters were located on the row between two trees and the other four between rows, near the limit of the vertical projection of the canopy. The soil cores were taken from a different place every day and the lysimeters reinstalled. Soil evaporation was calculated by a weighted average in relation to the area represented by each lysimeter (with respect to distance from emitter) and results were cumulated for daily values of soil evaporation. Long term E s was obtained with specifically developed models, where E s is estimated from ET o but using an adjustment which is a function of the available energy at the soil surface. These models are described in Conceição (2001) and Paço (2003) .
RESULTS AND DISCUSSION
Surface energy balance showed that the sum of measured latent and sensible heat accounted for more than 90% of the available energy and therefore the data gathered with the eddy covariance technique was considered valid for the purpose of the study. Figure 1 presents an example of the energy balance components measurement. Evapotranspiration measured by the eddy covariance technique (Fig. 2) varied between 1.2 and 3.6 mm/day, with an average of about 2.5 mm/day, for the periods under study. Soil evaporation was around 10% of measured evapotranspiration. However, the vulnerability of eddy covariance sensors used and the restrictions concerning fetch didn't allow continuous measurements.
Long term data can be obtained with the Granier sensors but, transpiration measured by the Granier method (T G ) showed an important underestimation (over 80%) when compared to transpiration obtained with the eddy covariance ET ec and soil evaporation measurements (ET ec -E s ). For this reason, T G could not be used as an absolute measure of transpiration.
These discrepancies were found by others. Although comparisons of the Granier method with other sap flow methods or with micrometeorological techniques have shown good agreement in several situations (e.g. Köstner et al. 1992; Berbigier et al., 1996) , other studies showed that the Granier method can underestimate transpiration as found here (e.g. Lundblad et al., 2001 , 50% in Pinus sylvestris and Picea abies; Wilson et al., 2001 , 50 to 60% in deciduous forest; Ferreira et al., 1997a , 30% in peach orchard). This raises some uncertainty in the use of sap flow methods to quantify transpiration.
A strong correlation was found between Granier and eddy covariance data sets. The best relationships between ET ec -E s and T G were: and 0.5 mm/day in 1999. Differences between years may have been due to insufficient sampling or, eventually, to a possible misrepresentation of the shape of the radial profile of sap flow density, combined with the use of probes of different lengths. These aspects will need some further study if a general equation is intended. Regardless, the two relationships were used to obtain long-term transpiration for the orchard under study which, combined with daily soil evaporation, provided ET from June to September (Fig.  3) . Mean daily ET during that period was close to 2 mm. During July (generally the month with higher water consumption) the average water use of trees was around 800 m 3 /ha. The long-term ET data made it possible for us to compare the water applied by irrigation (303 mm in 1998 and 267 mm in 1999 during the periods considered) with the water consumed by orchard evapotranspiration. The results showed that application efficiency (between 50 and 70%) was lower than expected for a drip irrigation system, indicating a possible overestimation of plant water requirements.
Crop coefficients, determined from ET ec and ET o , varied between 0.3 and 1 (the highest values occurring in cloudy days), with a mean value close to 0.5 (Fig. 4) . A previous study, developed in the same field site for a shorter period, in 1998 (Snyder et al., 2000) , had shown already that the crop coefficient was around 0.5 on average. This value is much lower than the crop coefficient tabulated in FAO 56 for peach (0.9). A more realistic approach is to make adjustment for sparse vegetation and account for plant and soil contribution by using the dual crop coefficient method, as described in FAO 56. The orchard had 1000 trees/ha, which is a medium density (in other regions it can reach up to 10 times more dense, Grappadelli and Sansavini, 1998) , although it is higher than the mean density of Portuguese peach orchards (around 800 trees/ha). However, the low ground cover (29%), clearly justified an adjustment for sparse vegetation. After these changes, the mean crop coefficient estimated for the period under study was close to 0.7. This value is closer to the measured crop coefficient ( 0.5) than the tabulated value, but still overestimates orchard water use. Daily evapotranspiration calculated with the adjusted crop coefficient (ET c ) were over 35% higher than the measured evapotranspiration ( Figure 5 ). For an irrigation season, the use of ET c to assess the crop water requirements would represent an additional consumption of water of about 1500 m 3 /ha. Finally, the crop coefficients obtained from field measurements ( 0.5) are in agreement with the model developed by Johnson et al. (this volume) that relates light interception by the canopy with crop coefficients obtained from lysimeter measurements in a peach orchard. CONCLUSIONS
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The Granier sap flow method provided a useful means to estimate ET continuously over long periods, when eddy covariance measurements over shorter periods are made as a reference. For this peach orchard with 29% ground cover, the mean ET from June to September was around 2 mm/day and the crop coefficient was close to 0.5. The average orchard water use for the month of July, the month of high consumption, was around 800 m 3 /ha. As may be expected, the tabulated crop coefficient in FAO 56 is much higher. However, even after adjusting for the sparse vegetation cover using the dual crop coefficient approach, the estimated crop coefficients are still over 35% higher than those obtained with field measurements. These results indicate a need to improve the FAO 56 estimation methods for the conditions under this study. Allen et al. (1998) , using the dual crop coefficient approach after adjustment for sparse vegetation. 
